(19) 




Europaisches Pat ntamt 
European Patent Office 
Offic urope n d s br vets 



(12) 



(11) EP 1 146 201 A2 

EUROPEAN PATENT APPLICATION 



(43) Dale of publication: 

17.10.2001 Bulletin 2001/42 

(21) Application number: 00310880.0 

(22) Date of filing: 07.12.2000 



(51) Intci7: F01 D 9/04, F01D 25/12. 
B23P 9/00 



(84) Designated Contracting States: 


(72) Inventor: Burdgick, Steven Sebastian 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Schenectady, New York 12303 (US) 


MC NL PT SE TR 




Designated Extension States: 


(74) Representative: Redder, James Cuthbert et a! 


AL LT LV MK RO SI 


GE London Patent Operation, 




Essex House, 


(30) Priority: 11.04.2000 US 546772 


12/13 Essex Street 




London WC2R 3AA (GB) 


(71) Applicant: GENERAL ELECTRIC COMPANY 




Schenectady, NY 12345 (US) 





(54) A method of controlling the side wall thickness of a turbine nozzle segment for Improved 
cooling 



(57) A gas turbine nozzle segment (10) has outer 
and inner bands ( 1 2, 1 4) and a vane (1 6) extending ther- 
ebetween. Each band has a side wall (40), a cover (20) 
and an impingement plate (22) between the cover and 
nozzle wall defining two cavities (24, 26) on opposite 
sides of the impingement plate. Cooling steam is sup- 
plied to one cavity for flow through apertures (30) of the 
impingement plate to cool the nozzle wall. The side wall 



of the band has an intumed flange (40) defining with the 
nozzle wall (18) an undercut region (44). The outer sur- 
face of the side wall is provided with a step (60) prior to 
welding the cover to the side wall . A thermal bamer coat- 
ing (64) is applied in the step and, after the cover is weld- 
ed to the side walL the side wall is finally machined to a 
controlled thickness removing all, some or none of the 
coating. 
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Description 

[0001] The present invention relates to impingement 
cooling of a gas turbine nozzle band side wall in a design 
where the weld joint between the nozzle segment cover 
and the nozzle side wall is remote from the nozzle wall 
exposed to the hot gas path and particularly relates to 
a method of controlling the side wall thickness of the 
nozzle band to facilitate cooling thereof. 
[0002] In current gas turbine designs, nozzle seg- 
ments are typically arranged in an annular array about 
the rotary axis of the turbine. The array of segments 
forms outer and inner annular bands and a plurality of 
vanes extend between the bands. The bands and vanes 
define in part the hot gas path through the gas turbine. 
Each nozzle segment comprises an outer band portion 
and an Inner band portion and one or more nozzle vanes 
extending between the outer and inner band portions. 
In current gas turbine designs, a cooling medium, for 
example, steam, is supplied to each of the nozzle seg- 
ments. To accommodate the steam cooling, each band 
portion includes a nozzle wall in part defining the hot gas 
path through the turbine, a cover radially spaced from 
the nozzle wall defining a chamber therewith and an im- 
pingement plate disposed in the chamber. The Impinge- 
ment plate defines with the cover a first cavity on one 
side thereof for receiving cooling steam from a cooling 
steam inlet. The impingement plate also defines, along 
an opposite side thereof and with the nozzle wall, a sec- 
ond cavity. The impingement plate has a plurality of ap- 
ertures for flowing the cooling steam from the first cavity 
into the second cavity for impingement cooling the noz- 
zle wall. The cooling steam then flows radially inwardly 
through cavities in the vane(s), certain of which include 
inserts with apertures for impingement cooling the side 
walls of the vane. The cooling steam then enters a 
chamber in the inner band portion and reverses its flow 
direction for flow radially outwardly through an impinge- 
ment plate for impingement cooling the nozzle wall of 
the inner band. 

[0003] The spent cooling medium flows back through 
a cavity in the vane to an exhaust port of the nozzle seg- 
ment. 

[0004] The cover provided each of the outer and inner 
band portions is preferably welded to the con-esponding 
nozzle side wall. In prior designs, the weld joint between 
the cover and the nozzle side wall was disposed at a 
radial location between the nozzle wall and the spline 
seal between side walls of adjacent nozzle segments. 
In that location, the weld was exposed to the high tem- 
perature gases in the hot gas flow path and was very 
difficult to cool. Thus, weld joint fatigue life was signifi- 
cantly reduced due to its proximity to the hot gas path. 
Moreover the location of the weld was noi optimum for 
manufacturing repeatability and was very sensitive to 
manufacturing toierances. The weld joint was charac- 
terized by variable wall thicknesses which increased the 
stress at the joint, decreased low cycle fatigue and lim- 



ited the life of the parts. The wall thickness at the weld 
after machining Is also a variable which could not be tol- 
erated in the manufacturing process. 
[0005] In a current nozzle segment design, the weld 
5 joint between the cover and nozzle side wall is on the 
side of the spline seal remote from the nozzle wall ex- 
posed to the hot gas path. That is, the weld joint between 
the cover and the nozzle side wall of the outer band is 
located radially outwardly of the spline seal between ad- 
^0 jacent outer bands while the weld joint between the cov- 
er and the nozzle side wall of the inner band is located 
radially inwardly of the spline seal between adjacent in- 
ner bands. This reduces the temperature of the weld 
joints during turbine operation, reduces the stresses 
^5 across the joints, both thermal and mechanical, elimi- 
nates any requirement for machining after welding and 
results in joints of constant thickness and higher fatigue 
life. The location also leads to improved machinabillty 
and tolerance to weld defects. 
20 [0006] To provide that weld location, undercut regions 
adjacent the side walls of the nozzle segment bands are 
formed. Particularly, each undercut region includes a 
side wall or edge of the nozzle segment and an inturned 
flange extending inwardly from and generally parallel to 
^5 the nozzle wall and spaced from the nozzle wall. Cooling 
the nozzle band side wall or edge, however is quite dif- 
ficult in view of the undercut region which spaces the 
side wall or edge a substantial distance from the im- 
pingement plate which, in turn, reduces the effective- 
30 ness of impingement cooling the segment side wall. 
[0007] With the present invention, improved side wall 
fabrication and cooling is provided. Particularly, with the 
weld joint between the cover and the nozzle side wall 
located remotely from the hot gas path through the tur- 
35 bine, side wall cooling Is facilitated by controlling the 
thickness of the side wall to a very tight tolerance. As 
will be appreciated from the foregoing, the side walls of 
each nozzle segment are very difficult to cool due to the 
large impingement gap in the undercut region, i.e., the 
40 substantial distance between the apertures of the im- 
pingement plate nearest the side wall and the side wall 
perse. The side wall is also not robust to manufacturing 
processes. This design is very dependent upon the cast- 
ing process for the nozzle segment and the weld or other 
45 distortions that may occur during processing of the seg- 
ment. If the side wall thickness is too thick, this results 
in reduced low cycle fatigue due to increased thermal 
strains on the segment. Increased stresses would also 
be introduced in this area or other areas of the nozzle 
50 segment. Side w,all thickness variability is also a prob- 
lem because post-cast machining operations may leave 
the wall too thick or too thin or perhaps even remove a 
portion of the wall. If the wall becomes too thick, rework- 
ing the segment is typically not allowed and the segment 
55 would have a greatly reduced part life. Also, the wall 
thickness might be so thick that the part could not be 
used. A thin wair similarly as a thick walL would cause 
stresses to either increase at the side wall location or in 
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other areas of the segment. As a consequence, it has 
been determined that side wall thickness must be main- 
tained within very tight tolerances in order to maintain 
appropriate cooling within the design parameters. 
[0008] In accordance with a preferred embodiment of 
the present invention, the side wall thickness of the noz- 
zle segment is controlled by preferably premachining a 
step in each of the side walls of the nozzle along the 
outer surface thereof prior to welding the cover to the 
nozzle segment. The step in the side wall is based on 
the inside surface position of the side wall, i.e., the da- 
tum for the machining is the internal wall surface. A ther- 
mal barrier coating (TBC) is applied in a relatively thick 
layer in the step by masking past the premachined sur- 
faces. Subsequent to welding the covers to the nozzle 
segments, the side wall is finally machined, i.e., the ther- 
mal barrier coating is machined and serves as a buffer 
for and an accommodation to manufacturing tolerances 
to afford a predetermined side wall thickness after final 
machining. Thus, if the cast side wall of the nozzle seg- 
ment is out-of -tolerance and after machining the TBC is 
thick, the TBC affords added protection to the side wall 
as it reduces the thermal gradient through the metal. If 
the TBC after final machining is relatively very thin or 
non-existent along the premachined step, due to out-of- 
toierance fonnation of the side wall, this too is accepta- 
ble due to the purge of the cavity, i.e., the impingement 
cooling, and the fact that the wall Is of known thickness. 
Thus, the manufacturing process provides the themnal 
barrier coating as a means to absorb or accommodate 
manufacturing tolerances to provide a very controlled 
wall thickness which will greatly enhance the low cycle 
fatigue of the segment and reduce any need to scrap 
the segment by reason of the part being out of toleranc- 
es. 

[0009] In a preferred embodiment according to the 
present invention, there is provided a method of manu- 
facturing nozzle segments having nozzle bands and 
vanes extending therebetween, the nozzle bands hav- 
ing side walls adjacent one another when the nozzle 
segments are assembled for use in a gas turbine, com- 
prising the steps of applying a thermal barrier coating to 
at least one side wall of each nozzle band and machin- 
ing one side wall with the thermal barrier coating serving 
as a buffer to accommodate manufacturing tolerances 
in the segment thereby controlling the side wall thick- 
ness of the nozzle segment. 

[0010] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

FIGURE 1 is an exploded, perspective and sche- 
matic view of a nozzle segment constructed in ac- 
cordance with the present invention; and 

FIGURE 2 is an enlarged fragmentary cross-sec- 
ttonal view illustrating a joint between side walls of 
adjacent nozzle segments illustrating the location 



of the thermal barrier coating along the side walls 
of adjoining nozzle segments. 

[0011] Referring now to Figure 1 , there is illustrated a 
5 nozzle segment, generally designated 1 0, f ormfng a part 
of an annular array of segments disposed about a gas 
turbine axis. Each nozzle segment includes an outer 
band 12, an inner band 14 and one or more vanes 16 
extending therebetween. When the nozzle segments 
10 are arranged in the annular array, the outer and inner 
bands 1 2 and 1 4 and vanes 1 6 define In part an annular 
hot gas path through the gas turbine, as is conventional. 
[0012] The outer and inner bands and the vanes are 
cooled by flowing a cooling medium, e.g., steam, 
?5 through a chamber of the outer band 1 2, radially inward- 
ly through cavities in the vanes, through a chamber in 
the inner band 14 and radially outwardly through the 
vanes for return of the cooling medium to an exit port 
along the outer band. More particularly and by way of 

20 example with reference to Figure 1 , the outer band 12 
includes an outer nozzle wall 18, an outer cover 20 
which is disposed over and welded to the outer wall IB 
to define a chamber 21 (Figure 2) therebetween and an 
impingement plate 22 disposed in the chamber 21 . The 

25 impingement plate 22 defines with the nozzle segment 
cover 20 a first cavity 24 and, on an opposite side there- 
of, defines with the nozzle wall 18 a second cavity 26. 
Cooling medium inlet and outlet ports 25 and 27, respec- 
tively, are provided through the cover for supplying the 

30 cooling medium, e.g., steam, to the nozzle vane seg- 
ment and exhausting the spent cooling steam from the 
segment. The cool ing steam Is supplied to the first cavity 
24 for passage through a plurality of apertures 30 In the 
impingement plate 22 for impingement cooling of the 

35 nozzle wall IB. The impingement cooling steam flows 
from the second cavity 26 into one or more inserts (not 
shown) in cavities extending through the vane between 
the outer and Inner bands. The vane inserts Include a 
plurality of apertures for impingement cooling of the side 

40 walls of the vane. The cooling steam then flows into the 
chamber of the inner band 14 and particularly Into the 
radial innermost cavity for flow through apertures of an 
impingement plate In the inner band for impingement 
cooling the side wall of the inner band. The spent cooling 

45 sieam then flows through a cavity in the vane and 
through the exhaust port of the outer band. For a com- 
plete description of an embodiment of the foregoing de- 
scribed cooling circuit, reference is made to U.S. Patent 
No. 5,634,766, of common assignee, the disclosure of 

50 which is incorporated herein by reference. 

[0013] Refenring now to Figure 2, there is illustrated a 
juncture between adjacent nozzle segments. It will be 
appreciated that while the following description is spe- 
cific with reference to the outer band 12, it is equally 

55 applicable to the inner band 14. Thus, each nozzle band 
(both inner and outer bands) Includes a nozzle side wall 
or edge 40 which extends generally radially between the 
nozzle wall 1 8 and the cover 20. The band also includes 
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an inturned flange 42 spaced from the nozzle wall 18 
and defines with wall 18 and side wall or edge 40 an 
undercut region 44. The inturned flange 42 also includes 
a circumferemialiy opening slot 46 for receiving one 
edge of a spline 48 forming a seal between adjacent 5 
nozzle segments. 

[0014] As illustrated in Figure 2, the covers 20 are 
welded to the inturned flanges 42 along opposite edges 
of the nozzle band. Also, the weld joint 50 lies on the 
side of the spline seal 48 remote from the nozzle wall io 
18. By locating the weld joint 50 away from the hot gas 
path defined in part by nozzle wall 18, the weld joint 50 
is subjected to a much lower temperature than if located 
closer to the hot gas path. Also illustrated in Figure 2 is 
the impingement plate 22 which has a turned edge 52 is 
along opposite margins for brazing or welding to an in- 
side surface of the inturned flange 42. While apertures 
30 are located In each turned edge 52 of the Impinge- 
ment plate, it will be appreciated that there is a substan- 
tial distance between the nearest aperture 30 and the 20 
side wall or edge 40 in the undercut region 44. This large 
distance diminishes the effectiveness of the impinge- 
ment cooling. As set forth in co-pending application Se- 
rial No. (Attorney Dkt. 839-742), impingement 

cooling apertures 54 are formed through the inturned 25 
flange 42 to provide cooling steam in the undercut re- 
gion 44 for direct impingement cooling of side wall 40. 
[001 5] As noted previously, most preferably the thick- 
ness of the side wall 40 is controlled to tight tolerances. 
The side wall thickness is, however, very sensitive to 30 
manufacturing tolerances, i.e., a casting tolerance, as 
well as weld and machining distortions. By applying a 
thermal barrier coating as a buffer for the manufacturing 
tolerance after the covers 20 are welded to the nozzle 
casting, a known metal wall thickness can be provided 35 
upon final machining. To control the thickness of the side 
wall 40, a step 60 is preferably premachined into the side 
wall based on the Inside position of the wall. That is, the 
inside surface of the side wall 40 serves as the datum 
for the machining. The step is preferably provided the 
side walls after the nozzle covers 20 are welded onto 
the main nozzle casting of the segment such that dis- 
tortions caused by the welding are built into the joint. 
After premachining, the side wall is masked past the 
premachined surfaces and coated with the themrial bar- 45 
rier coating 64, As illustrated, the coating is also applied 
to the wall surfaces of the nozzle wall 1 8 in contact with 
the hot gases flowing along the hot gas path. The side 
walls 40 of the nozzle segments are then final-ma- 
chined, using a method compatible with machining tner- so 
ma! barrier coatings and metal, for example, a creep- 
feed grind operation. The final machining step can con- 
trol the wall thickness of the side wall to a very tight tol- 
erance not affected by weld or casting tolerances. The 
process affords a buffer, i.e., an accommodation that re- 55 
duces sensitivity to manufacturing tolerances. For ex- 
ample, when the side wad is out-of-tolerance and the 
thermal barrier coating is thick, the coating is finai-ma- 
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chined to a combined thickness for the side wall plus 
coating which will meet cooling requirements, i.e., the 
impingement cooling is sufficient to maintain the side 
wall within desired temperature ranges while the re- 
maining TBC affords added thermal protection; If the fi- 
nal machining step results in little or no themrial barrier 
coating along the side wall, the thermal barrier coating 
is not needed. Impingement cooling of the side wall is 
effective because the side wall is within the tightly toler- 
anced desired thickness. Thus, the side wall Is cooled 
properly. The capacity to absorb or accommodate man- 
ufacturing tolerances using the thermal barrier coating 
as a buffer enhances the. low cycle fatigue of the nozzle 
segment. 



Claims 

1. A method of manufacturing nozzle segments (10) 
having nozzle bands (12, 14) and vanes (16) ex- 
tending therebetween, the nozzle bands having 
side walls (40) adjacent one another when the noz- 
zle segments are assembled for use in a gas tur- 
bine, comprising the steps of: 

applying a thermal barrier coating (64) to at 
least one side wall of each nozzle band; and 

machining said one side wall with the thermal 
barrier coating serving as a buffer to accommo- 
date manufacturing tolerances in the segment 
thereby controlling the side wall thickness of 
the nozzle segment, 

2. A method according to Claim 1 including forming a 
step (60) in at least said one side wall of said seg- 
ment, and applying the thermal barrier coating in 
said step. 

3. A method according to Claim 1 including forming a 
step in each of the side walls of adjacent nozzle 
bands, applying a themial barrier coating In each 
step, and machining each side wall with the thermal 
barrier coating serving as a buffer to accommodate 
manufacturing tolerances in the cast nozzle seg- 
ments, thereby controlling the side wall thickness of 
the nozzle segments. 

4. A method according to Claim 1 , 2 or 3 wherein said 
step of machining includes removing all of the ther- 
mal barrier coating applied to the side wall of the 
nozzle segment. 

5. A method according to Claim 1 , 2 or 3 wherein said 
step of machining includes removing a portion of the 
thermal barrier coating and leaving a portion of the 
thermal barrier coating on the side wall. 
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6. A method according to Claim 5 including leaving a 
portion of the coating along the entirety of the step 
formed along the side wall. 

7, A method according to any preceding Claim includ- s 
ing welding a cover and the nozzle band to one an- ' 
other defining a chamber therebetween for receiv- 
ing a cooling medium, the step of machining being 
pertomned subsequent to welding the cover and 
nozzle band to one another. io 



15 



20 



25 



30 



35 



40 



45 



50 



55 



* 46201 A2_i_> 



EP 1 146 201 A2 




EP 1 146 201 A2 




BN'SDOC::: <E? 1*620 '.A2_l.> 



7 



